Objective: To determine whether subjective social standing in school predicts a change in body mass index (BMI) in adolescent girls during a 2-year period.
B
ETWEEN 1999 AND 2004, THE prevalence of overweight in girls in the United States increased significantly from 14% to 16%. 1 The economic burden of childhood overweight is 3 times higher than it was 20 years ago, approximately $127 million per year. 2 Children who areoverweightexperiencemanyhealthcomplications but perceive the most immediate consequence of overweight to be social discrimination. 3 To lessen this health and economic burden, it is important to identify factors that contribute to excess weight gain and the development of obesity.
There is evidence that social and emotionalfactorssuchasdepressionandlowselfesteem and self-perception contribute to the obesity burden in adolescents. [4] [5] [6] [7] [8] It has been argued that subjective perceptions of relative ranking may be more important determinants of health than objective indicators such as income, education, or occupation. 5 Onewaysubjectiveperceptionhasbeenmeasured is with the Subjective Social Status (SSS) Scale, which was developed to address perceived placement within the social hierarchy among young adults using a visual scale. The scale uses a picture of a 10-rung ladder to represent both US society and the school community. For the school community,adolescentsplacethemselvesontheladder according to where they believe they stand in relation to their classmates.
The objective of this analysis was to determinewhetherplacementontheschoolSSS Scale predicted an increase in body mass index (BMI) (calculated as the weight in kilograms divided by the height in meters squared) in adolescent girls between 1999 and2001.Weanticipatedthatlowplacement on the school SSS Scale in 1999 would predict an increase in BMI between 1999 and 2001.
METHODS

POPULATION
Established in 1996, the Growing Up Today Study (GUTS) cohort consists of 9039 girls and
For editorial comment see page 91
7843 boys. All of these children have mothers who are participants in the established Nurses' Health Study II cohort. Details of the recruitment of the GUTS cohort are described elsewhere. 9 At enrollment, the children in GUTS were 9 to 14 years of age and 93% were white; they resided across all 50 US states. GUTS collects information on a variety of adolescent behaviors but was originally designed to assess determinants of adolescent weight change, including dietary intake and physical activity and inactivity. Data were collected approximately annually via questionnaires mailed directly to the participants. This study was approved by the human subjects committees at the Harvard School of Public Health and Brigham and Women's Hospital.
Our analysis focused specifically on the association between SSS in the school and change in BMI in female adolescents. We limited our sample to female adolescents because we anticipated that the association between school SSS and change in BMI would be different between boys and girls and would be stronger in girls. 4 Of 9039 girls enrolled in the GUTS cohort in 1996, 5723 (63%) returned both the 1999 and 2001 questionnaires. We excluded 383 girls for whom height or weight data were missing or who had an outlying BMI, as described elsewhere. 10 We further excluded 461 girls with missing school SSS Scale data; 230 with missing data on their mother's BMI; 118 with missing diet data; 83 with missing data on other variables of interest including race/ethnicity, television viewing, depression, and self-esteem; and 2 who were outside the age range of 12 to 18 years. Our final sample for this analysis included 4446 adolescent girls aged 12 to 18 years in 1999, 78% of our baseline sample.
MAIN OUTCOME VARIABLE: ADIPOSITY
We assessed adiposity by computing BMI from self-reported heights and weights in 1999 and 2001. Body mass index is a useful tool for assessing weight in relation to stature in children because it provides a reference for adolescents that can be used beyond puberty, it compares well with laboratory measurements of body fat, and it can be used to track body size throughout life. 11 Previous studies suggest high validity of selfreported heights and weights in boys and girls aged 10 to 17 years (0.62 Ͻ r Ͻ 0.98) 12 and of BMIs computed from selfreported heights and weights (r=0.92) in children in grades 7 through 12.
13 Body mass index values higher than 3 SDs from the GUTS age-specific means (log scale) were excluded as outliers. 10 Many studies examining adolescent BMI have used the Centers for Disease Control and Prevention growth z scores to measure change over time. However, recent research has found that analyzing change in BMI is preferable to using change in z scores.
14 Before computing change in BMI from 1999 to 2001 (year 2001 minus year 1999), we subtracted from each girl's BMI the 50th percentile BMI for girls of the same age on the Centers for Disease Control and Prevention BMI charts. This eliminated typical BMI increases attributable to age during the 2-year period from the subsequently computed BMI changes. We then dichotomized BMI change into an increase of 2 U or more vs less than 2 U of gain (including BMI loss). On average, a 2-U increase in BMI corresponds to a 5-kg weight gain in girls in this age range, assuming no height growth. This BMI gain is larger than what would be considered normal according to the Centers for Disease Control and Prevention charts and, therefore, reflects substantial increases in body adiposity during 2 years in a group of adolescent girls. We dichotomized BMI to provide a simple and clinically meaningful indicator of excessively large increases in adiposity.
MAIN PREDICTOR VARIABLE: SSS SCALE-YOUTH VERSION
In 1999, Goodman et al 5 modified an adult version of the SSS Scale to be applicable to adolescents and validated it in the GUTS cohort. The instrument had excellent 2-month test-retest reliability (r=0.79), which suggests that adolescents are consistent in placing themselves within their immediate social environment. 5 The question on the 1999 questionaire states: "At the top of the ladder are the people in your school with the most respect and the highest standing. At the bottom are the people who [sic] no one respects and no one wants to hang around with. Where would you place yourself on the ladder?" The school SSS Scale first appeared on the GUTS questionnaire in 1999. Because of the prospective nature of the analysis, we used school SSS placement in 1999 to predict adiposity change up to 2001.
We considered using school SSS as a continuous variable in the model, but it did not satisfy logistic model assumptions. Furthermore, a priori, we expected an effect in girls who placed themselves on the low end of the school SSS Scale. We, therefore, compared girls who placed themselves at or below 4 on the scale with girls who placed themselves at or above 5. This cutoff provided an adequate number of girls with very low school SSS.
COVARIATES
Baseline BMI and race/ethnicity were kept, a priori, in the multivariable models regardless of statistical significance. We included baseline BMI in all analyses to account for regression to the mean: a girl with a very low BMI is less likely to subsequently have a large BMI decline, and, likewise, a girl with a very high BMI is more likely to have a subsequent BMI decline rather than a large BMI increase. Race/ethnicity (selfreported) was included because Goodman et al 4 found that black girls had significantly lower school SSS placements and higher BMIs compared with white girls. 4 We included race/ethnicity as a binary variable (white vs nonwhite).
Because diet was not assessed in 1999 or 2001, diet quality from 1998 was used in the analysis. Diet quality was assessed by adding individual scores for different food groups ranging from vegetables to fried foods. The scores ranged from 0 to 100, with 100 representing the highest quality diet. 15 Diet was dichotomized into lower vs higher quality (Յ50 vs Ͼ50).
To assess television viewing in 1999, girls selected their usual number of viewing hours separately for weekdays and weekends. Hours watched per week were calculated by adding up weekend and weekday viewing. Total hours of television viewing per week was dichotomized into 14 hours or less vs more than 14 hours. Hours per week of physical activity, also reported in 1999, were calculated by computing the total number of hours spent per week in 17 activities and team sports outside of gym class. Total physical activity hours per week ranged from 0 to 40. 10 We used a 6-point Likert-type scale derived from the McKnight Risk Factor Survey to measure depression. The scale has good reliability (Cronbach ␣=0.73); scores ranged from 6 to 30, with higher scores representing fewer depressive symptoms. 5 Global (overall) and social self-esteem were assessed using a modified version of the Harter Self-Perception Profile for Children. Modifications were based on extensive pilot testing in students in public schools in Salem, Massachusetts. 16 Self-esteem scores ranged from 6 to 18 for each domain, with higher scores indicating higher levels of self-esteem. 5 Global self-esteem score was dichotomized into low vs high (Յ13 vs Ͼ13).
Girls who responded yes to the question, "Have you started having menstrual periods?" in 1996, 1997, 1998, or 1999 were defined as having reached menarche. Height growth between 1999 and 2001 was calculated by subtracting height in 1999 from height in 2001. Girls with height more than 3 SDs from the mean were excluded as outliers, and girls whose height decreased by more than 2.54 cm between 1999 and 2001 were excluded on the basis of implausibility. 10 Mother's BMI in 1999 was calculated the same way as for their daughters. We examined the mother's pretax household income and the educational achievement level of the mother's spouse to determine whether a relationship between school SSS and BMI change existed even after accounting for objective indicators of socioeconomic status. We included a missing category for the 791 girls who were missing income data. Mother's pretax household income was dichotomized into less than $50 000 vs $50 000 or more, and educational achievement level of the mother's spouse was categorized as high school or less, some college, and more than college.
STATISTICAL ANALYSES
Logistic regression was used to determine whether placement on the school SSS Scale was associated with BMI change in 4446 adolescent girls between 1999 and 2001. Statistical analyses were performed using commercially available software (SAS version 8.2; SAS Institute Inc, Cary, North Carolina).
Before modeling, variables were examined for linearity in the logit. Each continuous variable was first divided into quartiles, dummy coded, and placed in a logistic regression using BMI change (binary, as described in the "Covariates" section) as the main outcome of interest. These ␤ coefficients were then plotted against the midpoints of each quartile. If the plot suggested that the variable increased or decreased linearly, the variable remained as a continuous variable in the model. Several of the variables were not linear in the logit and had to be transformed or recategorized. Both age and baseline BMI seemed to have parabolic relationships with change in BMI and, thus, were transformed to include squared terms in the analysis. We established 3 categories for educational achievement level of the mother's spouse and dichotomized the other variables that needed transformation to maintain a simple, easily interpretable model. Social self-esteem, depression, height growth, mother's BMI, and hours of physical activity per week remained as continuous variables.
We examined potential confounders in age-adjusted analyses to determine whether they were significantly associated with BMI change. Regardless of statistical significance, baseline BMI and race/ethnicity were kept, a priori, in the multivariable models (see "Covariates" section). Other covariates were included in the multivariable analysis if they were significantly associated with BMI change at the PϽ.10 level in the age-adjusted analysis.
Depression, global and social self-esteem, hours of television viewing, diet, height growth, menarche status, and mother's BMI and pretax household income were all significant at the 0.10 level in the age-adjusted analyses. Educational achievement level of the mother's spouse and hours of physical activity per week were not included in the multivariable analyses because they were not significantly associated with a BMI increase in the age-adjusted models.
RESULTS
The mean BMI in adolescent girls was 20.8 in 1999 and 22.1 in 2001. Between 1999 and 2001, 520 girls (11.7%) had at least a 2-U increase in BMI. In 1999, 182 girls (4.1%) placed themselves on the low end of the school SSS Scale and, among these girls, 35 (19.2%) had at least a 2-U increase in BMI. Among girls who placed themselves on the higher end of the scale, 485 (11.4%) had at least a 2-U increase in BMI ( Table 1) .
Adolescent girls who placed themselves on the low end of the school SSS Scale had a significant 69% increased odds of having a 2-U increase in BMI (odds ratio, 1.69; 95% confidence interval, 1.10-2.60) after adjusting for age, age squared, baseline BMI, baseline BMI squared, depression, global and social self-esteem, television viewing, diet, height growth, menarche status, mother's BMI, and pretax household income ( Table 2) .
COMMENT
Based on these prospective data, our analysis shows that low SSS in the school community predicts a significant increase in the odds of gaining excess adiposity during 2 years in adolescent girls. These results are consistent with crosssectional findings reported by Goodman and colleagues. One study 5 using GUTS data reported a 9% decreased odds of overweight in girls with higher school SSS (odds ratio, 0.91; 95% confidence interval, 0.87-0.97), 4 and another study using data from the Princeton School District in Greater Cincinnati reported a 22% increased odds of overweight in girls with lower school SSS (odds ratio, 1.22; 95% confidence interval, 1.13-1.32). 4 The inference of cause and effect in these 2 studies was limited because the study designs were cross-sectional.
Our results are also consistent with previous research that found associations between social and emotional factors and overweight. One national longitudinal study reported a significant relationship between depression and BMI, 6 a cross-sectional study found a significant inverse relationship between selfesteem and overweight, 7 and another cross-sectional study found a significant relationship between overweight and depression, self-esteem, and school/social functioning in adolescents aged 12 to 14 years but not in older adolescents. 8 Strengths of our analysis include a prospective study design, which enabled us to measure change in BMI over time while accounting for growth and maturation (height growth and menarche status). The unique nature of the GUTS data enabled us to link to the Nurses' Health Study II data set to combine data from mothers' reports of height, weight, household income, and educational achievement level of the mother's spouse. Although this observational study cannot prove causation, it provides evidence linking low SSS in the school community to a subsequent increase in BMI. Despite controlling for many covariates, residual and unmeasured confounding are still possible. The self-reported GUTS data are the greatest potential source of misclassification. However, selfreported data from other major studies of adolescent health, including the Youth Risk Behavior Surveillance System, the Longitudinal Survey of Adolescent Health, and the National Longitudinal Survey of Youth have reasonable validity and reliability. 13, [17] [18] [19] [20] The GUTS cohort includes participants from across the United States, but it does not represent a random sample of US adolescents. Participants are predomi-(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 162 (NO. 1), JAN 2008 WWW.ARCHPEDIATRICS.COM 25 nately white (93%) and their mothers hold nursing degrees. However, these potential limitations in generalizability do not negate the internal validity of the study.
Of the 5723 girls who returned questionnaires in 1999 and 2001, adequate information was available for 4446 (78%), who provided the analytic sample. Almost half of the excluded girls had missing information on the main outcome or predictor variables. We found no significant difference in either the difference in mean school SSS rankings between those included and excluded or the percentage difference between girls who had a 2-U BMI change vs those who did not. Despite the apparent lack of difference between those included and excluded, missing data are still a potential source of bias and may limit the power of the study to establish an association.
It is possible that girls who consistently gain too much body fat also experience decreased school SSS. To address this potential issue related to the direction of the association, we included baseline BMI in the model. By keeping baseline BMI in the model, the results of the analysis more likely reflect the prospective effect of school SSS on BMI change over time.
It is important that researchers consider physical, behavioral, environmental, and socioemotional factors that Abbreviations: BMI, body mass index, (calculated as weight in kilograms divided by height in meters squared); SSS, subjective social status. a Before computing change in BMI, the 50th percentile BMI for age in girls on the Centers for Disease Control and Prevention BMI charts was subtracted from each girl's BMI.
b Diet was assessed by adding individual scores for different food groups ranging from vegetables to fried foods. Scores ranged from 0 to 100, with 100 representing the highest-quality diet.
c These categories do not sum to the size of the subsample (n) owing to missing data.
might contribute to the rising prevalence of overweight in adolescents. Previous research suggests that emotional factors such as depression and low selfesteem and self-perception contribute to the burden of overweight in adolescents. [6] [7] [8] Our study contributes to this body of literature in that, to our knowledge, it is the first to prospectively evaluate the relationship between SSS in the school community and change in BMI, and our findings suggest that low school SSS may be an important contributor to increases in BMI in girls over time. Diet was assessed by adding individual scores for different food groups ranging from vegetables to fried foods. Scores ranged from 0 to 100, with 100 representing the highest-quality diet.
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